A variety of disturbances in the peripheral blood count may complicate gold therapy given to patients with rheumatoid arthritis. Relatively small doses of gold have caused leucopenia and thrombocytopenia, often associated with other manifestations of hypersensitivity (Price and Leichtentritt, 1943) . Pancytopenia secondary to marrow aplasia has occurred less commonly, and usually only after large doses (Wintrobe, Stowell, and Roll, 1939; Marriott and Peters, 1950) . Moreover, marrow depression may not be evident until many months after the course of gold has been completed (S0rensen, 1951) . In recent years the incidence of these complications has been greatly reduced by limiting the amount of gold given in single injections and also in any one course (Empire Rheumatism Council, 1960) .
Some drugs, such as thiouracil, produce abnormal blood counts infrequently, apparently because of individual idiosyncrasy (Bell and Mishtowt, 1951) . Other drugs, such as nitrogen mustard, are predictably toxic to the bone marrow when given in adequate dosage (Wintrobe, Huguley, McLennan, and Lima, 1947) . Both mechanisms have been incriminated in the marrow dysplasia caused by chloramphenicol, and reticulocytopenia and impaired utilization of radioactive iron have been demonstrated before changes occurred in the peripheral blood count (Krakoff, Karnofsky, and Burchenal, 1955; Rubin, Weisberger, Botti, and Storaasli, 1958) . It was decided to investigate the possibility that similar changes might be detected after treatment with limited doses of gold in a small group of patients with rheumatoid arthritis.
Material and Methods General Procedure
Gold Therapy.-Assessments of bone marrow function were made before and after treatment with gold in seven patients with definite or classical rheumatoid arthritis (Ropes, Bennett, Cobb, Jacox, and Jessar, 1959) . Table I (opposite) enumerates the salient features of these patients, including concurrent corticosteroid therapy, the duration of hospital treatment as an inpatient, the total amount of gold given, and the side-effects that were observed. All seven patients continued to take 4 g. daily of some form of salicylate, but haematinic drugs were withheld during the period of study. Sodium aurothiomalhte* 50 mg. intramuscularly, was injected weekly, and full blood counts were made on each occasion. The response to treatment was assessed by joint tenderness, graded 0 = none, 1 = slight, 2 = moderate, and 3 = severe, and by erythrocyte sedimentation rate (E.S.R.) in one hour by the Westergren method.
Reticulocyte Studies.-Reticulocyte counts were determined in these seven patients, daily on the in-patients and weekly on the out-patients, throughout the period of gold therapy.
In addition, reticulocyte counts were made: (a) daily for a three-week period in: (i) fifteen in-patients with various inflammatory diseases, including pulnonary tuberculosis, pneumonia, and subacute bacterial endocarditis; The absolute reticulocyte count, the product of the red cell count and the percentage of reticulocytes, is theoretically more informative than the percentage reticulocyte count because it reflects changes in the total number of circulating reticulocytes. The errors in counting erythrocytes are well known (Dacie and Lewis, 1963a) , and these modify the value of, and falsely accentuate fluctuations in, the absolute reticulocyte count. In preliminary studies, day to day variations were observed in the red cell count that were not reflected by equivalent fluctuations in the haematocrit, presumably due to errors in determining the former. Throughout the subsequent studies no variation in erythrocyte morphology was observed, and so changes in the haematocrit were considered to parallel those in the red cell count. The more accurate haematocrit values were used as the reference standard for changes in red cell mass, and the reticulocyte index was devised. This was derived from the product of the haematocrit and the reticulocyte count, both expressed as percentages, and was used as an estimate of the absolute number of reticulocytes per unit volume of blood.
In the seven patients given gold, bone marrow was aspirated from the sternum of five and from the iliac crest of the other two before the course of gold. Sternal marrow aspirations were repeated in all seven patients at the end of the course. Smears of the aspirate were examined for the cellularity of the fragments, and differential counts were made on 1,000 nucleated cells.
The smears were examined also for their iron content, both extracellularly and as granules within the erythroblasts (Dacie and Lewis, 1963c) .
Iron Metabolism.-Serum iron and total iron-binding capacity were determined by the methods of King and Wootton (1956) in all seven patients before and after treatment with gold.
Erythropoiesis was assessed with radioactive iron in six patients before and immediately after the course of gold. The methods used were based on those of Finch, Gibson, Peacock, and Fluharty (1949) and of Huff, Tobias, and Lawrence (1952) , as described by Dacie and Lewis (1963d) . The rate of disappearance of the iron from the plasma (plasma half-clearance time) was estimated by counting the radioactivity of plasma samples obtained at timed intervals after injection over a period of 1 to 2 hours. The amount of Fe59 subsequently appearing in the circulating erythrocytes was estimated by counting whole blood samples obtained daily during the first 10 days, and the maximum value was regarded as the radio-iron utilization. In addition, surface counting was carried out. Particular attention was paid to the counts observed over the upper portion of the sacrum, as a measure of bone marrow activity. The sacral count 5 minutes after injection was taken as 100 per cent., and subsequent counts were expressed as a percentage of this value, from which was selected the maximum sacral uptake.
Results

Gold Therapy
Treatment with gold was associated with clinical improvement in all seven patients. Joint tenderness decreased by one or two grades, and the mean E.S.R. fell from 60 to 20 mm. (Table II) .
In accordance with the findings in most therapeutic trials of gold, there was a slight increase in the mean haematocrit. There was no obvious decrease in the number of platelets seen in stained blood films, and the total white cell count was unaltered, at no time falling below 5,000 cells per cu. mm. (Table II) .
Eosinophilia was noted after 650 mg. gold in two patients, the absolute count reaching 1,200 and 1,120 eosinophils per cu. mm. The eosinophilia subsided without interrupting the series of injections, but in one patient (Case 6) clinical toxicity, manifested by a rash, proteinuria, and persistent diarrhoea, ensued after a further 150 mg. had been given, and so gold therapy was discontinued. The other patient (Case 5), who completed the course of gold without further incident, was taking prednisolone throughout.
The two patients with peripheral eosinophilia showed a slight increase in mature eosinophils in smears of the bone marrow aspirated at the end of therapy. Apart from this, the cellularity and differential cell counts of the marrow smears, both before and after therapy, were within normal limits, and there was no evidence of the development of hypoplasia. Six patients showed moderate to severe depletion of marrow iron stores before treatment, and in five of them the appearance was unaltered after treatment. The sixth patient (Case 5) showed an increase in the amount of extracellular iron and in the number of erythroblasts containing iron granules after the course of gold. There was no correlation between the reticulocyte count and the severity of the iron deficiency as judged by the marrow iron content.
The low serum iron values and the percentage saturation of the serum iron-binding capacity were not significantly altered by treatment with gold (Table II) . The rapid clearance of radioiron from the plasma, characteristic of rheumatoid arthritis (Freireich, Ross, Bayles, Emerson, and Finch, 1957) , was not affected by gold therapy. In the patient who developed gold toxicity (Case 6) there was some reduction in sacral uptake and in subsequent utilization of radioiron, but in the other patients these ferrokinetic parameters remained within normal limits and confirmed the morphological evidence that bone marrow function had not been depressed. (Table III) . As the activity of the disease subsided (Table II) , the decrease in the reticulocyte count was accompanied by a reduction in the day to day fluctuation to 0-2 per cent. during the week before discharge from hospital. Fig. 1 illustrates the decline in the variation and level of the reticulocyte count in one patient. In the additional patients studied, the mean (Table IV, overleaf; P <0 001). The daily reticulocyte counts showed that day-to-day fluctuation did not amount to more than 0 3 per cent. in normal subjects. The variation in patients with inflammatory diseases other than rheumatoid arthritis did not exceed the normal value, even when the E.S.R. was markedly elevated. Fig. 2 , overleaf, illustrates these findings, and demonstrates that the reticulocyte count is normal in patients with rheumatoid arthritis in remission who had never received treatment with gold. Discussion The range of error and the physiological variations in the reticulocyte count have been studied extensively by Marcussen (1938) and by Seip (1953) . In the present study the accuracy of the count was verified by making films in triplicate from different blood specimens.
Unidentified smears were examined, and no significant difference was found between the counts on films made from the same sample of blood. The day-to-day variation in normal subjects did not usually exceed 0 3 per cent. Serial counts in patients with various inflammatory diseases confirmed the observations of Hem.meler (1946) that the reticulocyte count in such conditions is normal or subnormal. Similarly, patients with non-inflammatory joint complaints were found to have normal reticulocyte counts.
Nilsson (1948) noted reticulocytosis in patients with rheumatoid arthritis, although he did not report sequential changes. In the present study a slight but definite rise in the reticulocyte count was observed in patients with active rheumatoid arthritis. Day-to-day fluctuations of the order of 1 * O per cent. were also found. In patients with inactive rheumatoid arthritis and in the seven patients with active rheumatoid who responded to gold therapy, both the total reticulocyte count and the daily variation were reduced to normal levels.
Many factors that may have contributed to an irregular reticulocytosis in rheumatoid arthritis were specifically excluded. Prior screening of the majority of the patients by a radioactive chromate technique had shown that there was no significant blood loss on each patient's oral drug regime (Scott, Porter, Lewis, and Dixon, 1961; Wood, Harvey-Smith, and Dixon, 1962) . It is unlikely that the anaemia of rheumatoid arthritis was directly associated with the reticulocytosis. In two patients the reticulocyte count returned to normal before any change was observed in the haematocrit. Moreover, no correlation was observed between the haematocrit and the reticulocyte count in the group of forty patients with active rheumatoid arthritis. No convincing evidence of increased red cell destruction has been found in rheumatoid arthritis (Biechl, Stapleton, Woodbury, and Read, 1962) , and a normal red cell survival was found in the three patients in the present series in whom this was studied.
Neither the injections of gold nor the venepunctures were related to the peaks and troughs of the fluctuating reticulocyte counts (vide Fig. 1 (Jacobsen and Plum, 1943) .
The fall in the reticulocyte count cannot be attributed to the direct action of gold on the bone marrow, as there was no other evidence of marrow depression and the reticulocyte count itself was still within the normal range. One patient (Case 6) developed eosinophilia followed by impaired radioiron uptake and utilization. It is possible that a bone marrow section at this time might have given evidence of hypoplasia. It is of interest that the other patient who developed eosinophilia, not infrequently the prelude to marrow hypoplasia, was on steroid therapy and showed no other signs of gold toxicity.
The evidence suggests that the toxic effects of gold on the bone marrow are based on individual idiosyncrasy.
The possibility remains that bone marrow depression might occur more consistently with larger doses. The importance of the eosinophilia and other toxic effects as a prelude to marrow depression is emphasized by Case 6. In this instance the marrow depression was mild and transient because gold therapy was stopped.
Summary
(1) Haemopoiesis in seven patients with rheumatoid arthritis was studied during a course of gold therapy. Serial blood counts, examination of bone marrow aspirates, and radio-iron studies, did not yield any evidence of consistent marrow depression. One patient manifested other evidence of gold toxicity, and there was some reduction in sacral uptake and subsequent utilization of radio-iron after gold, but no disturbance of the peripheral blood count was observed in the ensuing months.
(2) An irregular rise in the reticulocyte count was observed in patients with active rheumatoid arthritis. This rise disappeared when the disease was ameliorated by gold therapy, and was not observed in patients with inactive rheumatoid arthritis. It is concluded that an irregular reticulocytosis is an unexplained feature of rheumatoid disease activity.
